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[57) ABSTRACT

A pushbutton switch including a keycap having a key-
cap top and a keycap plunger, a retaining bezel for
guiding the keycap plunger and limiting the displace-
ment thereof, a deformable elastomeric switch button
supporting a contact pad, and a printed circuit contact
pattern engageabie by the contact pad when the switch
button 1s deformed by the downward displacement of
the keycap plunger. The deformation of the button
switch provides tactile feedback, while impact of the
keycap top against the retaining bezel provides audible
feedback. The pushbutton switch is configured to limit
the downward displacement of the keycap plunger to
avold excessive force on the printed circuit board.

7 Claims, 2 Drawing Sheets
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LONG TRAVELING BUTTON SWITCH WITH
ENHANCED USER FEEDBACK

This is a continuation of copending application Ser.
No. 07/419,032 filed on Sep. 27, 1989, now abandoned.

BACKGROUND OF THE INVENTION

The disclosed invention is directed generally to a
keyboard pushbutton switch, and more specifically i1s
directed to a keyboard pushbutton switch having a long
travel, and enhanced tactile and audible feedback, and
improved contact reliability.

Pushbutton switches are utilized in keyboards for
calculators, device control panels, and the like. A
known pushbutton switch structure includes a dome-
shaped metallic contact which contactively engages
contacts on a printed circuit board when deformed by
actuation of an associated keycap. The deformation of
the metallic dome provides both tactile feedback and
audible feedback.

An important consideration with a pushbutton switch
having a metallic dome contact is the relatively small
contact area provided by the deformed dome, which
makes such switches susceptible to non-closure due to
dust and dirt contamination. In order to increase reli-
ability, some metallic dome pushbutton switches are
individually packaged for insertion in printed circuit
boards. Such switches can be more expensive and bulk-
ler.

Another consideration with metallic dome pushbut-
ton switches is transmission of the keypress force to the
printed circuit board, which if excessive could cause
damage.

A further consideration with pushbutton switches
having metallic dome contacts is a limitation on the
amount of key travel imposed by the metallic dome.
Relatively longer key travel provides for a more com-
fortable keypress.

SUMMARY OF THE INVENTION

It would therefore be an advantage to provide a key-
board pushbutton switch structure having a reliably
large contact area.

Another advantage would be to provide a keyboard
pushbutton switch structure which reduces the amount
of keypress force transmitted to the printed circuit
board utilized therewith.

A further advantage would be to provide a keyboard
pushbutton switch structure which provides for sufii-
cient key travel.

The foregoing and other advantages are provided by
the invention in a pushbutton switch structure that in-
cludes a manually depressable keycap having a keycap
top and a keycap plunger, a resiliently deformable elas-
tomeric switch button aligned with and engageable by
the keycap plunger, a contact pattern supported on a
printed circuit board located beneath the switch button,
a contact element supported by the deformable switch
button for contacting the contact pattern pursuant to
deformation of the deformable switch button by down-
ward displacement of the keycap plunger, and a retain-
ing bezel for guiding and limiting the displacement of
the keycap plunger. The deformation of the button
switch provides tactile feedback, while impact of the

keycap top against the retaining bezel provides audible
feedback.
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BRIEF DESCRIPTION OF THE DRAWING

The advantages and features of the disclosed inven-
tion will readily be appreciated by persons skilled in the
art from the following detailed description when read in
conjunction with the drawing wherein: |

FIG. 1 1s a schematic exploded perspective illustra-
tion of a pushbutton switch in accordance with the
Invention.

FIG. 2 1s an elevational sectional view illustrating the
pushbutton switch of FIG. 1 with the keycap plunger in
the non-actuated position and exerting a slight preload
on the switch dome.

FIG. 3 1s an elevational sectional view illustrating the
pushbutton switch of FIG. 1 with the keycap plunger
sufficiently displaced to cause deformation -of the

switch dome and contactive closure of the switching
elements.

FIG. 4 1s an elevational sectional view illustrating the
pushbutton switch of FIG. 1 with the keycap plunger
sufficiently displaced to cause audible feedback from
the impact of the keycap top on the retaining bezel.

DETAILED DESCRIPTION OF THE
DISCLOSURE

In the following detailed description and in the sev-
eral figures of the drawing, like elements are identified
with like reference numerals.

Referring now to FIG. 1, shown therein is a pushbut-
ton switch assembly that includes a keycap 11 having a
keycap top 11a and a keycap plunger 115. The keycap
plunger 115 is slidably engaged and retained in a guid-
ing and retaining bezel 13 which, for example, is inte-
grally formed with other bezels in a beze! structure 15.
By way of example, the keycap plunger includes barb-
like tabs for engaging the bottom portions of the bezel
13 to limit the upward displacement of the keycap.

An elastomeric dome switch button 17 is located
beneath the keycap 11. By way of example, the switch
button 17 i1s integrally formed in an elastomeric sheet 19,
comprising rubber, for example, with other switch but-
tons. The elastomeric sheet 19 rests on a printed circuit
board 21 having a conductive pattern 23 aligned with
the switch button 17. By way of example, the conduc-
tive pattern 23 can comprise interleaved conductive
traces to provide redundant contact elements. The
printed circuit board 21 is attached to the bezel struc-
ture 15 to prevent relative displacement thereof.

The elastomeric dome switch button 17 comprises a
conical side wall 17a secured to the elastomeric sheet 19
at its lower boundary. A horizontal top wall 175 is
formed on the upper boundary of the conical side wall
17a, and a circular ridge 17¢ i1s formed on the top wall
176. A cylindrical bump 174 of shorter height than the
circular ridge 17c is formed in the center of the top wall
17b. The thicknesses of the top wall 175, the circular
ridge 17¢, and the central bump 17d are greater than the
thickness of the conical side wall so that the conical side
wall resiliently deforms more easily than the thicker
elements.

A conductive pad ‘25, comprising, for example, a
carbon impregnated elastomer, is attached to the under-
side of the top wall 176 generally in alignment with the
bump 17¢.

The keycap 11, the bezel 13, and the bezel structure
15 are configured to provide a slight preload on the
switch button 17 when the keycap 11 is not actuated, as
shown in FIG. 2. Further, the keycap 11 and bezel 13
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are configured so that the bottom of the keycap top is
against the top of the bezel 13 when the switch button
17 is fully deformed, which transfers further force to the
bezel 13.

The pushbutton switch operates as follows. The user

presses the top of the keycap top 11a to displace the
keycap 11 downwardly. The conical side wall 17a col-
lapses just before the contact pad 25 engages the con-

ductive pattern 23 on the printed circuit board, which
causes a distinct variation in the resistance felt by the
user’s finger. In particular, the sudden collapse of the
conical side wall 17a reduces the resistance on the key-
cap which, pursuant to the keypress force, then travels
quickly to impact the bezel 13 and produce an audible
feedback click. FIG. 3 shows the contact pad 25 against
the conductive pattern 23 just after the conical side wall
has collapsed, and FIG. 4 shows the keycap at its down-
ward travel limit against the bezel 13.

As particularly shown in FIG. 4, when the keycap 11
is fully depressed against the bezel 13, the side wall 174
is collapsed, and the top wall 175 is slightly deformed
around the contact pad 23, but does not touch the
printed circuit board 19. Any keypress force applied to
the keycap beyond that required to collapse the side
wall 17a and deform the top wall as shown in FIG. 4
will be transmitted to the bezel 13 and not to the printed
circuit board 19. In particular, the keycap 11, the bezel
13, and the switch button 17 are configured so that a
limited amount of force is transmitted to the printed
circuit board, for example, an amount determined to be
sufficient to assure appropriate contact between the
contact pad 25 and the conductive pattern 23. In this
manner, contact is assured while preventing excessive
forces on the printed circutt board 21.

The keycap travel and the nature of the tactile feed-
back are selected to provide for a comfortable keypress
that provides a distinct indication that contact has been
made.

The keycap travel is determined by the difference
between (a) the top to bottom height of the retaining
bezel 13, and (b) the distance on the keycap plunger 115
between the barb-like tabs and the underside of the
keycap top 11a. In conjunction with selection of keycap
travel, the distance between the contact pad 23 and the
printed circuit conductive pattern should be selected so
that appropriate contact i1s assured while avoiding the
application of excessive force when the keycap 1s fully
depressed.

The nature of the tactile feedback, which 1s the force-
to-displacement characteristic of the switch button 17,
is determined by the thickness of the conical sidewall
17a, the thickness of the top wall 175, the outside diame-
ter of the top wall 174, and the inside diameter of the
lower boundary of the conical sidewall 17a.

The foregoing has been a disclosure of a pushbutton
switch assembly that advantageously utilizes elasto-
meric switch buttons and provides tactile feedback as
well as mechanically produced audible feedback. Fur-
ther, the disclosed pushbutton switch allows for imple-
mentation of an appropriate comfortable keycap travel.

Although the foregoing has been a description and
illustration of specific embodiments of the invention,
various modifications and changes thereto can be made
by persons skilled in the art without departing from the
scope and spirit of the invention as defined by the fol-
lowing claims.

What is claimed is:
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1. A pushbutton control which is manually depress-
ible to cause current flow between two conductive
contacts on a printed circuit board, comprising:

central plunger means having an upper end, a lower

end, a keycap on its upper end and a stop member

on 1its lower end, for manually controlling the cur-
rent flow;
an outer guide member adapted to be mounted to said

printed circuit board and, slidingly receiving said
central plunger means, said outer guide member
engageable with said stop member of said central
plunger to limit the upward movement of said
keycap; |

an elastomeric dome switch under the lower end of

said central plunger means and having circular
ridge means for contacting said lower end of said
central plunger mans, said elastomeric dome
switch carrying a conductive pad in alignment
with said central plunger means and which is to be
in ahgnment with the two conductive contacts on
the printed circuit board;

impact means on said outer guidemember for limiting

the downward movement of said keycap after said
conductive pad has electrically connected together
the two conductive contacts on the printed circuit
board; and

wherein said elastomeric dome switch includes cen-

tral wall means having said circular ridge means
formed on an upper periphery of said central wall
means and having conical side wall means formed
on a lower periphery of said central wall means,
sald central wall means having a thickness greater
than said conical side wall means, said conical side
wall means having sufficient strength to hold said
central plunger means in a first non-depressed posi-
tion for holding said conductive pad spaced above
the two conductive contacts, said central wall
means having sufficient strength for holding said
conductive pad against the two conductive
contacts when said central plunger is manually
moved to a second depressed position after manual
pressure on the keycap causes collapse of said coni-
cal side wall means, said conical wall means
stretching toward the circuit board and said central
wall means flexing toward the circuit board when
said central plunger is manually moved to a third
final position wherein said impact means contacts
said keycap to avoid excessive pressure on the
printed circuit board, and

wherein said collapse of said conical wall means and

said contacting of said impact means with said
keycap provides tactile and audible feedback.

2. The pushbutton control of claim 1 wherein said
elastomeric dome switch is partially displaced down-
wardly when said central plunger is in said first non-
depressed position, in order to preload said central
plunger and its keycap and provide a threshold resis-
tance to any initial actuation of the pushbutton control,
thereby enhancing the tactile feedback.

3. The pushbutton control of claim 1 wherein said
central wall means includes an enlarged central bump
having a height shorter than said circular ridge means.

4. The pushbutton control of claim 1 wherein said
conical side wall means has a peripheral diameter which
is greater than a peripheral diameter of said central wall
means.

5. The pushbutton control of claim 4 wherein said
conical side wall means is sufficiently thin and suffi-
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ciently flexible to produce a sudden reduction in resis-
tance when said central plunger is moved out of said
first non-depressed position, and to produce a continued
reduction in resistance when said central plunger is
moved through said second depressed position to said
third final position, thereby providing enhanced tactile
and audible feedback.

6. The pushbutton control of claim 1 wherein said
lower end of said central plunger includes multiple

6

projections which extend across said circular ridge

- means.

D

10

15

20

235

30

35

435

50

335

65

7. The pushbutton control of claim 1 wherein said
elastomeric dome switch is integrally connected to an
elastomeric sheet with a thickness greater than the
thickness of said conical side wall means, and wherein
an outer periphery of said conical side wall means pro-
vides the connection of said elastomeric dome switch to

said elastomeric sheet.
] K | * *
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